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June 3, 1952
Dr. David H. Gurinsky, Head L?qu.LMﬂ ok
Division of Metallurgy Biil

Brookhaven National Laboratory
Assoclated Universities, Inc.
Upton, Long Island, New Ygrk

Dear Davey

Please find enclosed the memorandum on "Fuel
Elements for ORNL Graphite Reactor.” I hope that
this will supply all the information which you will
need for the handbook. If not, please feel free to
cell upon us for any further informstion.

Best regards,

GENGINAL SIGNED 8Y
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E.J. Boyle
Assistant Director
- Metallurgy Division
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. These slugs were prepared by draving 28 aluminum cans onto
uranium slugs by inserting the slug into the can and foreing
the assembly through s sizing die. %Pwo types of slugs, with

‘ the following specifications, were employed:

l, Resiatance-welded
Aluminum Can

ﬁatoria}i-gs,nimpact-extruded
me‘ . 5

I an “""1 «nbz

Wall thickness--0.017" to 0.020"

Uranium

Material--Gamma-extruded
Length~-4 .000" é 0.010"
Dismeter--1.100" £ 0.002"

Chemfer on bottom end--0.010" radius
2. Arc-welded
' Aluminum Can

Meterial--28, lmpasct-exiruded
. Lensth--¥.325"

I.D.'*l.llé

Wall thickness--0.035"

Uranium
Same as for resistance-welded

The first type of slugs, vhich had the end closure made by
resistance welding of an aluminum end cap to the aluminum can,
wvere used only during the first year of pile operation {1943~
19%4) and vere replaced by the arc-welded slugs. In the case
of the arc-welded slugs, the end cliosure vas carried out by
forcing an sluminum cap of size 1.102" dismeter, 0.060" thick
into the open end of the aluminum can after the sizing-die
operation, trimming the excess metal from the can wall and
1ip around the end cap, and, finally, sealing with a Heliarc
weld at the junctlion between can and cap.

Tost Procedures

Flve different procedures were used for testing of the slugs
21 These were as followss
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Hydrogen Test

This test involved holding the slugs for tem hours at
300°C in a hydrogen atmosphere of 15.5 p.s.i. T%The basis
for the test was that any leaks in the slug would admit -
irogen vith consequent formation of urenium hydride,
vhich would cause swelling of the jacket. The test was
rejected vhen it was found that hydrogen would diffuse
through the jacket of sound slugs.

Deflection Test

Slugs were subjected to a pressure of 175 p.s.l. of
nitrogen after heating to 300°C for one hour., The heating
vas intended to exert tension on the weld to expose any
incipient leaks., After exposure to nitrogen, the slugsa
were measured with a micro-gauge deflection instrument to
detect distortion (which would be caused by nitrogen's
entering a leak) of the bottom of the jacket to within
0.001". . The test was sbandoned when it was found to be
nonreproducible.

Bubble Test

It vas planned to subject the slugs to a pressure of
175 p.s.1i. of nitrogen snd then submerge in kerosene to
observe any bubbles which might be released from leaks.
The method was abandoned when it was found that the $
sudden reloaese of pressurs in the pressure chamber fogged
the observation port and also because of the long-time
delay in bubble formation.

Weight (Borst) Test

This test was based on the fact that uranium reacts
rapidly with oxygen of the alr at elevated temperatures,
A slug held at elevated temperatures, therefore, would
gain veight as a result of oxidation of the uranium.
Weighing the slug before and after a heating would re-
flect any change in weight.

A charge of slugs was given an initlsl heating perlod
of 24 hours at 290°C £ 10°C to remove any volatile matter
adhering to the Jjackets., After cooling, each slug vas
given an initial weighing to a tenth of a milligram and
then placed back in the oven for & ten-day heating period
at 290°C £ 109c.

On completion of the heating period, the slugs vere
reweighed to a tenth of a milligram and classified as
accepted, retested, or rejected materisl. A statls-
tical method of accepting and rejecting the slugs vas
developed to compensate for the lnaccuracies of the
balances and errors made by the operators. The accepted
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R s&ugs vere then stored in the vault for plle use. Reteat
slugs vere stored until enough accumulated to provide for
& retest charge, which was tested in the same manner ss
nev material. Rejected slugs were stripped and returngd
for‘rojeeketing. Theoretically, holes as small as 10~
inches in radius can be detected by this method,

The testing of slugs by the velghing wmethod wasz completed
on February 10, 1945, with the following results:

Rumber of 8lug8 teated.,u.-..u...lﬁ#,ﬁﬁ
Humber of slugs aecepted....,....'.100,118.....96.215
Number of siugs rejected......000e. 3,540, ..., 3.79%

The causes for the rejection of the 3,540 slugs were
broken down as follows;

Jackets swollen or burst by oxide
formation or dirruaicn(?)..............1,255..31.9ﬁ
Jackets svollen by gas formation......., 611..15.5%
Excessive gain in Ve ght .t teeininennnns 481..12.2%¢
Piltted, scarred, and concave jackets,,,, 547..13.8%
Re jection by visual inapection of veld..1,046.,26.6%

5. Modified-Pressure Bubble Test

This method for the testing of siugs originated at
Argonne Rational Laboratory and was further developed st
CRAL. The slugs, after a visual inspection, were heated
to 3009 £ 109C for a period or five days. Upon removal
from the oven, any that showed signs of swelling or rup-
turs were discarded. All of the others wvere loaded into
an autoclave with the welded end up. The slugs were
éxposed to 300-p.s,i. helium pressure for 16 to 18 hours.
Immadiately af'ter the release of the helium Preasure, the
slugs were placed end up under scetone, and the end was
covered with a gas collector. After remaining under the
acetone for five bhours, al}l slugs which showed the rgleaaa
of gas bubbles were rejected. Holes as small as 107° o
10=f inches in radius should have been detected by this
method,

The results of testing of a large number of slugs by
this method were as follows:

Slugs tested¢ooccttosooooccoovoquﬁc 33,@29 )
81‘185 accept&d...-g......‘...-..... 33,17600-0.98.65%
311188 I‘ejected‘........-...a....... 453.-...- 1035%

The causes for the rejection of the 453 slugs can be
broken down as follows:

Jackets swollen or ruptured
during heatmg p@riod...n.u.......2?’5;‘7..“::47-9%
Pitted or scarred Jackets....,.,..... 25¢00.. 5.5%

83.1188 leaking g&l-...--...........uo- 2113}%%‘

shbnc!
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Upon completion of the foregolng tests on Hanford-
prepared slugs, approximately 7,000 slugs that had
originelly passed the weight test were retested by this
method with the following results:

Euabct of 8lugs tested....ceeseeese.s5,120
Number of slugs 8CCEPLEA.essroeracess5,008 00..99.49%
nmmr Of sluss rejectad'O'.Q"OQl.ll 26..00. 0.51’

The 26 unaccepted slugs were re jected beceuse of leaking
ges from the jackets and not because of swelling during
heating or because of scarred jackets.

Operationsl Experience

Since the start of reactor operation in November, 1943, there
have been 99 known primery® slug failures with a total of 127
slugs involved. This amounts to a percentsge failure of 0.056%.
A study of the collacted dats makes 1t apperent that, given a
full reactor loeding of new unbonded slugs at one time, the
ruptures that might occur with time would begin in the center
rovs of the reactor and proceed from there to the periphery.
Since only the neutron flux and temperature of the reactor are
distributed in this maspner, it is fedr te assume that one or
both of thess influence the csuse or causes ol the ruptures.
Prom the known cases of rupture positions, the following lmpor-
tant distribution can bs mades

Slug ruptures east of center liNB..ccesecieesvcsceses 3
3lug ruptures west of center 1IN .oevrecsrrararresrs 40

The distribution of all ruptures whose position was known is
shovn in Figure 1. The ruptures extend in an eastward direction
only a distance of six and one-half slugs or 26 inches but ex-
tend in a vestwerd direction a distance of 27 siugs or 189
inches. As may be seen in Figure 2, the maxlmum temperature
ocours considerably west of the center line. HNeutron fiux is
symzetric in the east and vest directions from the center line,
as shown in Pigure 3. It seems reasonable, then, to assume
that tempersture is the most important factor in slug ruptures.

There are two possible rupture mechanisms which would be very
temperature-dependsnt. These are as follows:

1. Oxldation

If a tiny hole is present in a alug jacket when it is
charged into the reactor, it is inevitable that rupture
vwill occur eventually if the slug is in a sufficiently
high-temperature zone for a sufficlently long time.

4

¥2 primary failure is one in which no adjacent slugs are invoived.
Secondary failures ere those in vhich s primary fallure has caused
partial stoppage of air cooling with consequent overheating of
adjacent slugs. ST I
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Pigure 4, from BR-223, May 13, 1943, shovs that the
oxidation rate for uranium at 25000 is about 27 times that
for 1000C. Assuming that there are two slugs with the
same 8ize holes in theilr jackets and that the same smount
of oxide buildup is necessary for rupture of the aluminum
cans, it would take a time period 27 times as long for the
slug at 1000C to rupture as that for the one at 2500C.
This may explain the delayed rupture of slugs which have
been in the lover-temperature zones of the reactor for
three to seven years.

2. Diffusion betwoeen the aluminum jacket and uranium slug has
been shown to take place at an appreciable rate at 2500C.
It will, of course, occur at lover temperaturss: at slower
rates., Out~-of-pile heating tests have shown conclusively
that rupture can result from this diffusion. Visual exam-
ination of the inner-jacket surfaces and uranium-slug
surfaces of stripped slugs thet had been discherged from
the reactor shoved evidence of diffusion. Since diffusion
18 acecelerated by an increcse in tempsrature, this mechan-
ism vould seem to £1%t the temperature pattern for ruptures.

- SECRET
: SECURTY INFORMATION
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SECURITY INFORSATHON
ALPEA CANNING OF ALUMINUM-SILICON BONDED SLUGS

Canning Procedure

The decision to adopt aluminum-silicon bonded slugs as the
standard fuel units for the OREL air-cooled, graphite reactor
was based on the folloving reasons:

1.

2.

Since the majority of the ruptures appeared to result
from leaks in the can welds, aluminum-silicon bonded slugs
are superior, since the closure consists of the double
protection of a weld in the can plus the aluminum-silicon
bonding layer. '

%he interdiffusion of aluminum and uranium, known to be a

major cause of failure in unbonded slugs, 1s practically
eliminated in bonded slugs by the presence of the diffu-
sion barrier, U(Al, 81)3, which is formed on the uraenium-
8i§g surface during immersion in molten aluminum-silicon
alloy.

It had been planned originally to employ the standard
production technique used at Hanford, i.e., the triple-dip
process, to produce the required slugs for the OREL reactor.
It vas found that a large percentage (about 20%) of these -
slugs exhibited diffusion blistering during the standard
culling test of holding at #00°C for seven days. Since it
vas found that this diffusion blistering vwas intimately
associated with high residual tin content, 1t was decided
to adopt the alpha-cenning process in order to avoid the
tin bath of the triple-dip process.

Alpha canning of slugs for the OREL X-10 graphite plile is
is carried out in the Chemical Department at the Y-12 Plant.
The dimensional specifications for the slugs are as follows:

Uranium 8lug
Dismeter -- 1.102" /£ 9.660:

End radius -- 0,060"/ 0.040"
"G ‘QQO“
Material ~- alphasrollied

Aluminum Caﬁ

Iono - 10121" / G-E}Qﬁ!"
- 0.003"
Wall thickness -- 0.033" f o.oco:
- 00303
Bottom thickness -- 0.051% £ 0.005"
Length -- 4-21/32" £ 1/6%" -
Material -- 28, deep-drawn. ArpneT
’ SECAET.
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Length -- 4.120" £ 0.006"
.Bond layer thickness -- 0,004" to 0.0065"

" %he steps in the canning procedure are as follows:

a. DBeta Heat Treatment. This step, conasidered a pre~
liminary step prior to canning, is carried out by
immersing slugs in s salt bath at 720 to 7309¢ for
8 period of three minutes. The salt used is
Houghton's Liquid Heat No. 980. 3lugs machined to
size prior to the salt-bath treatment were used,
because they had already been machined for the
triple-dip process. If the Y-12 Canning Group vere
starting anev, the salt-bvath treatment would be
carried out prior to machining, because sowme pitting
of the slugs occurs during the salt-bath treatment.

b. Duplex Bath. After chemicali cleaning (50% nitric
acid) following the salt-bath treatment, the slugs
are ilmmersed in a duplex bath consisting of a ten-
inch-thick lead layer at the bottom and a 15-inch-
thick aluminum-silicon layer at the top. A cover
of Butector 1390 flux (manufactured by Eutectic
Welding Company) is kept on top of the aluminum-
silicon layer. The slugs are held for 35 seconds

P in the lead layer at 600°C and then raised into the
. géuminum-nilicon layer and held for five seconds at
QgocC,

¢. Aluminum-3llicon Dip Bath. Slugs are transferred
from the duplex bath to the dip bath (11.2% silicon),
where they are held for 13 seconds at 6000C.

d. Aluminum-Silicon Cznning Bath. After the slugs
have been wet with aluminum~-silicon in the dip bath,
they are transferred to the canning bath, where they
are inserted into a preheated aluminum can which is
inside of a steel sleeve. Just prior to insertion,
the aluminum can is filled with sluminum-silicon by
lowering the mouth below the surface of the bath.
The final operations are to insert a prehesated
sluminum cap, prewet with aluminum-silicon, into the
end of the can and guench the entire assembly into
water.

] €. Welding. After cutting end caps to proper length,
“ a weld 1s made at the end cap-can interface with
inert-gss, shielded-arc welding.

1l S
SeGAET
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. !vc‘af the standard Hanford inspection tests--i.e., visual
4inspection and autoclaving--were used. The autoclave test
consists of holding the slugs for 40 hours under 125-p.s.l.
steam pressure. A third Hanford test, the frost test, wvas
eliminated. ?inallg, a test consisting of holding the alugs
for ons week at #009C was employed to determine vwhether d4if-
fusion between the uranium core and the aluminum can would
occur.

Approximately 20,000 alpha-canned slugs have been subjected
to the heat-treatment culling test of holding for one veek at
300°C. Of these, 25 have shown blisters or have ruptured. In
every case examined, the blisters or ruptures appear t0 have
arisen from oxidation wvhich was initiated by leaks in the welds
or in the end caps. Kone could be attributed to diffusion.

Qggratianal §§perience

The recharging of the ORNL X-10 graphite pile is now undervay,
and approximately 20,000 bonded slugs have been charged. There
has been too 1ittle service time to draw any conclusions sbout
the behavior of these slugs under operating conditions. It may
be noted, howvever, that some experience has been gained with the
use of aluminum-silicon bonded slugs in general in the X-10 pile.
One complete channel of the pile was charged in December, 19%9,
with triple-dip canned slugs prepared at Hanford. This channel
has been operated with a reduced air flow so that the maximum
surface temperature of the slugs is 3309C as compared with the
usual 250°C maximum. Yo date, no ruptures or visusl distortion
of these slugs has occurred.

12
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